Background The lowest peak expiratory flow (PEF) 
Introduction
Airway hyperresponsiveness (AHR), the degree of airway responsiveness to various nonspecific stimuli, is an important physiological feature of asthma (1) (2) (3) . It has been reported that evaluation of AHR is useful to diagnose asthma (1, 2) , assess the response to asthma therapy (4) (5) (6) , and guide asthma treatment (7, 8) . However, the standard method of assessing AHR, inhalation challenge test, is not easy to perform in clinical practice. (3, 4, (9) (10) (11) (12) (13) (14) . Peak 
Although multiple factors are involved in the mechanism of AHR, both fluctuation of the airway caliber and airflow limitation are regarded as physiological properties of asthma closely related to AHR

expiratory flow (PEF) monitoring is accepted as a part of asthma management that provides information about fluctuations of the airway caliber, known as airway lability (1). Among several PEF indices, the lowest PEF over a week, expressed as a percentage of the highest PEF (Min%Max PEF) has been suggested to be the best index of airway lability in clinical practice because it more strongly correlates with AHR than
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any other physiological parameters (12) . However, a close association was also found between lower level parameters that represent airway caliber such as forced expiratory volume in one second (FEV1) and AHR (3, 4, 9, 10 
Methods
Study subjects
Ninety-two steroid-naive and twenty-eight steroid-treated, nonsmoking asthmatic patients took part in the study after giving informed consent. The study was approved by the local ethics committee. All patients satisfied the American Thoracic Society criteria for asthma (15 
Study design
The present study was cross-sectional. Subjects attended the outpatient clinic at the Wakayama Medical University hospital on one occasion for clinic examination, spirometry, and methacholine inhalation challenge. PEF monitoring was performed for at least two weeks before this attendance.
Methacholine inhalation challenge test
Airway responsiveness was measured using a device (Astograph Jupiter 21; Chest Co., Tokyo, Japan) that displays respiratory resistance (Rrs) measured via the forced oscillation method during tidal breathing with continuous inhalation of the aerosolized methacholine as previously described (16) . The degree of the airway responsiveness was defined as the cumulative provocative dose of methacholine causing
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Pulmonary function test
FEV1 and forced vital capacity (FVC)
were measured with a Chest HI 801 (Chest Co., Tokyo, Japan) according to the standard procedure (18) . 
PEF measurements
Using an Assess peak flow meter (Respironics
Results
Correlation between airway physiological parameters and airway responsiveness
The results of the correlation coefficient analysis between the airway responsiveness and airway physiologic parameters are listed in Table 2 . Although the PD200 was related to all parameters that represent airway caliber and lability (Table 2 and Fig. 1 (Fig. 3) . The PD200 value was calculated by the correlation equation obtained from regression analysis, as follows: logPD200=Min%Max PEF×%FEV1/1885-2.9.
F i g u r e 1 . Re l a t i o n s h i p b e t we e n a i r wa y r e s p o n s i v e n e s s t o me t h a c h o l i n e a n d p h y s i o l o g i c a l p a r a me t e r s t h a t r e p r e s e n t a i r wa y c a l i b e r : a ) r e s p i r a t o r y r e s i s t a n c e v a l u e ; b ) a c t u a l f o r c e d v o l u me i n o n e s e c o n d ( F E V1 ) v a l u e ; c ) F E V1 p e r c e n t a g e o f t h e p r e d i c t e d v a l u e ( %F E V1 ) ; d ) t h e l o we s t p e a k e x p i r a t o r y f l o w ( P E F ) v a l u e d u r i n g o n e we e k ; e ) t h e h i g h e s t P E F v a l u e d u r i n g o n e we e k ; f ) me a n v a l u e o f t h e l o we s t a n d h i g h e s t P E F v a l u e . T h e l i n e s c o r r e s p o n d t o t h e f i t t e d r e g r e s s i o n e q u a t i o n .
Discussion
In the current study, the correlation coefficient analysis indicated that airway responsiveness measured by the inhalation challenge test correlated with the parameters that represent airway caliber and lability, and Min%Max PEF had the strongest correlation with AHR in asthmatics. However, the normalization of Min%Max PEF with %FEV1 improved the relationship between Min%Max PEF and AHR.
AHR is a consistent and defining feature of asthma (1) (2) (3) . AHR measurement is a valuable tool in the diagnosis of asthma (1, 2) , and for evaluating the treatment response (4) (5) (6) . In addition, it has been demonstrated that asthma management plans that include AHR measurements are superior to plans without AHR measurements (7, 8) 
. Although airway responsiveness is generally evaluated by inhalation challenge test using bronchoconstrictive agents, it is not convenient and involves several clinical issues such as invasiveness and contraindications (2). Therefore, establishing a convenient index for predicting the degree of airway responsiveness other than by using the inhalation challenge test would be useful for clinical asthma management. Several mechanisms, such as airway inflammation, increased neural reflexes, airway geometric factors, and genetic factors, have been proposed to explain the AHR (1-4).
Among these mechanisms, airway inflammation has been reported to be a key factor (3, 4, 6, 7) , and it also affects the other important physiologic properties of asthma, such as airflow limitation and airway lability (3, 4, 6) . Previous studies have shown close correlations between PEF variability and AHR (11) (12) (13) (14) . In particular, Reddel et al recommended Min%Max PEF as the best index of airway lability in clinical practice (12) . However, a reduction in airway caliber would result in a greater increase in airway resistance and consequently greater airflow limitation (20) , and a close association was found between lower level parameters that represent airway caliber such as FEV1 and AHR (3, 4, 
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